1. Introduction {#s0005}
===============

Over 10% of children and adolescents worldwide have a mental disorder ([@b0170]), which can impact child development, social interactions and educational outcomes negatively ([@b0255], [@b0340]). If untreated, these disorders can become chronic and increase in severity later in life ([@b0045], [@b0110]). Approximately three-quarters of adult mental disorders begin before age 25 years ([@b0175]) and the majority of mental health disorders found among adolescents had origins in early childhood years([@b0310]). Mental disorders decrease in prevalence as positive mental health increases ([@b0180], [@b0195]), which supports calls to protect and promote positive mental health among youth in order to prevent mental disorders ([@b0145], [@b0190]).

There is increasing evidence that more outdoor time is associated with enhanced positive mental health in adults ([@b0300]). [@b0050] reported an association between more exposure to green space and lower levels of anxiety and stress among adults. The same author ([@b0055]) also described that increased time spent outdoors was linked to fewer depression symptoms in a population-based sample of adults. In children, spending additional time outdoors relates to improvements in attention ([@b0330]) and cognition ([@b0135]), as well as reductions in symptoms of attention deficit/hyperactivity disorder ([@b0140]). In a nationally representative study of Canadian children, every hour spent outdoors per day was associated with a 31% reduction in the odds of reporting peer relationship problems and a 22% lower odds of reporting psychosocial difficulties ([@b0210]).

An additional benefit of outdoor time with respect to positive mental health is that the outdoor environment provides a context for increasing physical activity ([@b0295]). Time outdoors is positively associated with levels of moderate-to-vigorous physical activity (MVPA) in youth ([@b0150], [@b0210], [@b0290]). For every hour per day spent outdoors, children accumulate 7 additional minutes of MVPA ([@b0210]). This is important because increasing MVPA is associated with improvements in mental health and self-esteem as well as with reductions in depression and anxiety symptoms ([@b0065], [@b0075], [@b0115], [@b0230]). These associations, however, raise the question of whether MVPA moderates or mediates (at least partially) the association between outdoor time and positive mental health.

Experimental and cross-sectional studies in adults show that outdoor physical activity appears more advantageous for mental health than indoor physical activity ([@b0025], [@b0235], [@b0250]). Similarly, a review of experimental studies in adults suggested that additional mental health benefits are typically observed when physical activities are undertaken in an outdoor natural environment relative to indoors ([@b0305]). [@b0275] found that adults reporting more outdoor exercise had a lower odds of reporting a poor emotional outlook ([@b0275]).

However, associations among MVPA, outdoor time and mental health in youth have received less research attention and the potential for an interaction or a mediation effect has not been assessed directly. Specifically, although separate studies have shown that: (1) time spent outdoors is strongly and positively related to MVPA ([@b0150], [@b0290]); and that (2) MVPA is associated with improved mental health ([@b0065], [@b0115]), no study in youth has examined whether MVPA is a moderator or a mediator of the link between outdoor time and positive mental health. Given that the onset of mental disorders is often in adolescence ([@b0065], [@b0145]) when MVPA begins to decline ([@b0105], [@b0125], [@b0285]), there is a need to investigate the relationships among outdoor time, MVPA and positive mental health during this period. The objective of this analysis was to examine if MVPA moderates or mediates the relationship between outdoor time and positive mental health in adolescents.

2. Methods {#s0010}
==========

2.1. Participants {#s0015}
-----------------

We used data from the Monitoring Activities of Teenagers to Comprehend their Habits (MATCH) study, an ongoing prospective study designed to increase understanding of physical activity behaviors in children and adolescents. Methodological details are reported elsewhere ([@b0040]). Briefly, Grades 5 or 6 students (age 10.3 ± 0.6 years on average) were recruited in 17 English and French elementary schools in 2011 in the province of New Brunswick, Canada. In the first year of data collection, 806 participants were recruited and completed baseline questionnaires. Other students from participating schools could join the study after the first year; a total of 937 children (55% female) took part in at least one survey cycle. Participants were invited to complete questionnaires at four-month intervals in three data collection cycles per school year. We restricted the current analyses to participants in survey cycles 16 (October 2016, participants were 15.3 ± 0.7 years on average) and 19 (October 2017) since the measure of positive mental health was available in these cycles only. All participants provided written and informed assent and parents provided written informed consent. Ethics approval was obtained from the Université de Sherbrooke ethics committee (11--025).

3. Measures {#s0020}
===========

Outdoor time. Participants reported the time they usually spent outdoors on week and weekend days in two items: "*On an average weekday (Monday to Friday) during the past month, how much time did you usually spend outside?"* and "*On an average weekend day (Saturday or Sunday) during the past month, how much time did you usually spend outside?"*. For both items, response options were: none, \<15 min, 15 to 30 min, 30 to 60 min, 1--2 h, 2--4 h, 4--6 h and more than 6 h. Outdoor time was estimated with the procedure used in Statistics Canada's Canadian Health Measures Survey among same-age participants ([@b0210]). Specifically, the midpoint of each response option (i.e., 0, 7.5, 22.5, 45, 90, 180, 300, and 360 min, respectively) was used. Minutes spent outdoors per week were computed as \[(5\*outdoor time on weekdays) + (2\*outdoor time on weekend days)\]. To convert this estimate to hours per day, we divided the estimate by 420 (60 min \* 7 days per week). In previous work by our team, administering these questions 2-weeks apart yielded a weighted kappa of 0.56 (95% CI = 0.36--0.76) for weekdays and of 0.63 (95% CI = 0.45--0.81) for weekend days([@b0215]). For analyses, we averaged outdoor time across cycles 16, 17 and 18 to represent usual outdoor time for the year, accounting for seasonal variation.

MVPA. Participants reported participation in MVPA in a two-item questionnaire developed for adolescents ([@b0270]). Briefly, participants read the following statement: "Physical activity is an activity that increases your heart rate and makes you get out of breath some of the time. Physical activity can be done in sports, playing with friends, or walking to school. Some examples of physical activity are running, brisk walking, rollerblading, biking, dancing, skateboarding, swimming, soccer, basketball, football, and surfing" and were then asked: "Over the course of the week (past 7 days), how many days were you physically active for a total of at least 60 min per day?" and "Over the course of a typical or usual week, how many days are you physically active for a total of at least 60 min per day?". Response options ranged from 0 to 7 (days). The average of the two items was used to create an overall MVPA score. This measure has test-retest reliability (intra-class correlation = 0.77) and is moderately correlated with accelerometer-measured MVPA (Pearson correlation = 0.40) in 12-year olds ([@b0270]). For analyses, MVPA scores were averaged across cycles 16, 17 and 18 to represent usual level of MVPA for the year, accounting for seasonality.

Mental health. Positive mental health was assessed with the Mental Health Continuum-Short Form (MHC-SF) questionnaire in cycles 16 (Fall 2016) and 19 (Fall 2017). The MHC-SF comprises 14 items assessing emotional well-being (3 items), social well-being (5 items) and psychological well-being (6 items) ([@b0185]). Responses were scored on a 6-point Likert scale (0--5): *never, rarely, a few times, often, most of the time, all the time.* As proposed by [@b0185], mental health was categorized as *flourishing* if the participant responded "always" or "most of the time" to at least one of the three emotional well-being items, and at least six of the 11 positive functioning items (i.e. social and psychological well-being). Mental health for all other participants was categorized as *not flourishing*. The three-factor structure and sex-invariance of the MHC-SF structure have been demonstrated among youth ([@b0120], [@b0205]), and MHC-SF subscales have good internal consistency and reliability in the current sample (Cronbach's α 0.90 to 0.94), as did scores for the total scale (α = 0.97).

3.1. Statistical analysis {#s0025}
-------------------------

We estimated mediation models using a causalinference analysis approach ([@b0155]). In contrast to traditional mediation analyses (i.e., products and difference methods ([@b0030])), this method is based on a counterfactual framework. It takes the interaction between the exposure and mediator into account and it permits estimating the total, direct and mediated effects ([@b0155]). In the current analysis, the exposure variable was the 1-year mean of outdoor time (cycles 16--18), the mediator was the 1-year mean of MVPA (cycles 16--18) and the outcome variable was mental health (flourishing, not flourishing) in cycle 19 (4 months after the MVPA and outdoor time measures; [Fig. 1](#f0005){ref-type="fig"}). The models estimated the odds ratios associated with the total effect (i.e., combined estimated effect of outdoor time and MVPA on positive mental health), average mediation effect (i.e., estimated indirect effect of outdoor time on positive mental health through MVPA) and the average direct effect (i.e., estimated direct effect of outdoor time on positive mental health). All of these odds ratios were estimated simultaneously in a single model such that they were fully adjusted for one another. Since the exposure variable (i.e., outdoor time) is continuous and to contrast between two levels of exposure, we set the control value at the mean of the sample (i.e., 1.8 h per day), and the exposure value at the mean plus one unit (2.8 h per day) so that the resulting odds ratio (OR) can be interpreted as representing the effect of one additional hour of outdoor time.Fig. 1Directed Acyclic Graph of the hypothesized associations.

To assess the presence of moderation, we ran a model assuming no interaction between outdoor time and MVPA as a first step in this series of mediation analyses. As a second step, we investigated the presence of an interaction by allowing the average mediation effect to depend on outdoor time. Through the default approach in the *mediation* package in R, standard errors were estimated in 1000 iterations of quasi-Bayesian Monte Carlo experiments based on normal approximation ([@b0200]). The mediated portion of the association, expressed as the ratio of the average mediation effects on the total effect, was also computed. Finally, to satisfy the sequential ignorability assumption on which the mediation analysis relies ([@b0155]), we first included age, sex, parental education and mental health at cycle 16 to account for them as potential pre-exposure confounding variables, as determined through directed acyclic graphs. Second, we ran sensitivity analyses based on estimates of the correlation between error terms of the mediator and outcome models, where a large value of rho would suggest the presence of important unobserved confounding ([@b0155], [@b0160], [@b0320]). Analyses were conducted with the *mediation* package ([@b0320]) in *R* (version 3.5.1, R Foundation for Statistical Computing, Vienna, Austria).

4. Results {#s0030}
==========

A total of 242 participants (59% female) provided data on mental health in cycles 16 and 19. The average age of participants in cycle 16 was 15 (standard deviation, SD = 1) years. Over half of participants (57%, n = 139) reported flourishing mental health in cycle 16; this declined to 49% (n = 119) one year later, in cycle 19. Overall, participants reported taking part in at least 60 min of MVPA an average of 4.2 (SD = 1.9) days per week. They also reported engaging in an average of 1.8 (SD = 1.4) hours of outdoor time per day. Baseline characteristics of participants are presented by mental health status at cycle 19 in [Table 1](#t0005){ref-type="table"}. Participants excluded from the analysis because of missing data (n = 290) were less likely to have flourishing mental health in cycle 19 (*X*^2^ p = 0.02) and they reported lower parental education (*X*^2^ p = 0.06). However, participants excluded were not different from those included (see [Appendix](#s0065){ref-type="sec"}) in age (*t*-test p = 0.6), sex (*X*^2^ p = 0.4), MVPA (*t*-test p = 0.3), outdoor time (*t*-test p = 0.6), or mental health in cycle 16 (*X*^2^ p = 0.3).Table 1Characteristics of participants included in the analyses.Mental health status at cycle 19All participants (n = 242)Not Flourishing (n = 123)Flourishing (n = 119)Mean (sd) or %Mean (sd) or %Mean (sd) or %Age (years)15.3 (0.7)15.2 (0.7)15.3 (0.7)Sex (female)59.165.351.3Flourishing mental health at cycle 1657.443.670.6MVPA (days per week ≥60 min)4.2 (1.9)3.7 (1.8)4.6 (1.8)Outdoor Time (hours per day)1.8 (1.4)1.6 (1.4)2.0 (1.4)Mother education (≥post-secondary)50.851.550

The correlation between MVPA and outdoor time was 0.3 (p \< 0.001). In unadjusted analyses, the levels of MVPA (4.6 vs 3.7 days per week, *t*-test p \< 0.001) and of outdoor time (2.0 vs 1.6 h per day, *t*-test p = 0.05) were higher in participants with flourishing vs not flourishing mental health in cycle 19.

In the first mediation analysis model, which accounted for age, sex, parental education and mental health at cycle 16 as pre-exposure potential confounding variables, and which assumed no interaction between outdoor time and MVPA, the total effect and the average direct effect were both positive, but neither were statistically significant at *p* = 0.05. Nevertheless, a small and statistically significant average mediation effect was noted ([Fig. 2](#f0010){ref-type="fig"}a). The presence of a mediation effect and the absence of a statistically significant total effect may result from a combination of a small direct effect, residual confounding and a small sample size. Results from this model suggest that increases in outdoor time were associated with increases in MVPA, which translated into increases in the probability of reporting flourishing mental health. The odds ratio for the indirect effect can be interpreted as indicating that the odds of reporting flourishing mental health were increased by 2% (95% confidence interval: 1--4%) for every additional day of the week participants reported attaining at least 60 min of MVPA. Estimates also indicate that 54% of the total effect of outdoor time on mental health was explained by increased MVPA.Fig. 2odds ratios and 95% confidence intervals from mediation analysis estimating the direct and indirect effect of outdoor time and physical activity on flourishing mental health among adolescents in the MATCH study.

Results of the second mediation analysis, which allowed for interaction between outdoor time and MVPA, were consistent with the findings of the first mediation analysis. Specifically, results indicated that the likelihood of flourishing mental health did not vary with differences in outdoor time, but that increases in outdoor time were associated with increases in MVPA, which led to increases in the probability of reporting flourishing mental health ([Fig. 2](#f0010){ref-type="fig"}b). In this analysis, the interaction term was not statistically significant (p = 0.4), indicating that the relationship between MVPA and mental health did not vary across different amounts of outdoor time. The sensitivity analyses suggested that model estimates were robust because there was negligible indication of unobserved confounding (rho at which a mediation effect would be null = 0.2).

5. Discussion {#s0035}
=============

Adolescence is a life period often characterized by declines in physical activity and time spent outdoors, as well as in the prevalence of flourishing mental health. The current study supports that these attributes may be inter-connected by suggesting that spending more time outside is associated with higher physical activity levels, which in turn increase the probability of flourishing mental health. This longitudinal study therefore provides insight into relationships for which prior evidence originated primarily from cross-sectional studies ([@b0150], [@b0210]). Our results align with previous reports of a positive relationship between exposure to outdoor environments and mental health, but clarify that this relationship may be mediated by participation in MVPA.

Although our results support the mediation hypothesis, they did not provide evidence of a direct relationship between outdoor time and mental health. It is possible that our measure of outdoor time did not capture aspects of outdoor time that contribute positively to mental health, but rather included a mix of time spent in nature, busy urban environments and other settings which may have differential effects on mental health ([@b0305]). Spending outdoor time in areas with high traffic volumes might not contribute positively to mental health ([@b0010]), whereas exposure to nature is beneficial ([@b0080], [@b0315]). Using measures of outdoor time more specific to the natural environment ([@b0240]) (i.e., undeveloped land with natural vegetation) or greenness might have yielded different results. In addition to collecting data on the type of outdoor environment, future studies should document the specific activities in which adolescents engage in while outdoors. In a large survey of US children and youth, the most common outdoor activities included "playing or simply hanging out", "using electronic media outdoors", and "reading or studying while sitting outdoors" ([@b0220]). Although outdoors, the benefits associated with these sedentary activities likely differ from outdoor activities that involve physical activity. Future studies should also consider using objective measures of both outdoor time and of MVPA. Although we did identify statistically significant associations in the current analyses, it is possible that well-powered studies with measures less prone to measurement error would identify clear relationships among outdoor time, MVPA and mental health. For example, wearable devices with integrative technologies capturing geographic coordinates, accelerometry and ambient light and air could provide a more comprehensive overview of these relationships.

Consistent with our finding that outdoor time is associated with MVPA, being outdoors has been associated with increases in physical activity ([@b0085], [@b0260]). The current high prevalence of physical inactivity among children and adolescents around the globe ([@b0015], [@b0095]) could be partly attributable to a large proportion of free-time spent indoors ([@b0035], [@b0150]). Given that most youth do not meet the recommended guidelines for physical activity, one could hypothesize that increasing time spent outdoors might increase total physical activity in youth, which could contribute to flourishing mental health. From an intervention perspective, this could imply that promoting outdoor time at school and in the community could improve mental health in youth. Supporting this, "park prescriptions", where health-care providers write prescriptions for outdoor physical activity in parks, have already been shown to be feasible and potentially effective in helping children and youth increase their outdoor time and physical activity ([@b0345]). Specifically, park prescriptions have been linked to a 15% increase in parent-reported physical activity among children and adolescents ([@b0345]). It has also been documented that providing more outdoor time during the school day is associated with higher physical activity levels among students. For example, holding physical education classes outdoors instead of indoors is associated with 25% higher levels of accelerometer measured MVPA whereas having recess outdoors instead of in a gymnasium is linked to over 40% greater step counts ([@b0245], [@b0325]).

Although the estimated effect of MVPA on mental health we identified was small, previous studies identified important associations between these variables([@b0060]), suggesting that further investigations and interventions based on such associations should be pursued. However, how MVPA positively influences mental health is not clearly delineated. In addition to physiological ([@b0335]) and social ([@b0130], [@b0165]) mechanisms, there is support for the "distraction hypothesis" which posits that physical activity represents a diversion from the sources and symptoms of negative mental health ([@b0020]). Experimental studies have demonstrated that physical activity is as good as relaxation in distracting people away from negative mental health triggers and for improving mood ([@b0070], [@b0335]). Similar to physical activity, the outdoors can provide rich sensory experiences with positive effects on mental health ([@b0225]). Therefore, and even if we did not find that physical activity modifies the effect of outdoor time on mental health, future studies should continue to investigate the potential combined benefits of physical activity and outdoor time on positive mental health.

6. Limitations {#s0040}
==============

Strengths of this analysis include that we used prospective methods and that physical activity and outdoor time were assessed three times over one year accounting for seasonality. Limitations inherent in self-reports should be acknowledged when interpreting our results. In particular, it is possible that participants overestimated the number of days on which they attained the recommended minimum of 60 min of MVPA and the number of hours they spent outdoors. Outdoor time reported by participants in our study is higher than that captured by objective measures in previous studies ([@b0100], [@b0265], [@b0260]). However, the estimates of MVPA are similar to those reported using objective measures in a representative sample of Canadian youth ([@b0090]). It is also possible that lack of statistical power, resulting from potential misclassification and a relatively small sample, limited the ability to detect direct and total effects of outdoor time. Nevertheless, investigating the presence of mediation despite the absence of an exposure-outcome association was well justified ([@b0005], [@b0280], [@b0350]) since the mediation hypothesis was supported by previous reports documenting that increases in outdoor time relate to increased MVPA in youth ([@b0085], [@b0210]) and that MVPA is positively associated with mental health ([@b0065]).

In conclusion, this study suggests that an increased probability of flourishing mental health is mediated by increases in physical activity resulting from increases in outdoor time in adolescents. Albeit a small association, this finding has public health implications because it identifies a potential actionable mechanism underpinning positive mental health.

 {#s0065}

Comparison of characteristics of participants retained for the analyses and those excluded.Included (n = 242)Excluded (n = 290)Mean (sd) or %n\*Mean (sd) or %P valueAge at cycle 1615.3 (0.78)29015.3 (0.7)0.65^A^MVPA (cycles 16, 17, 18)4.2 (1.9)2614.0 (2.1)0.28^A^Outdoor time (cycles 16, 17, 19)1.8 (1.4)2601.7 (1.5)0.58^A^Flourishing at cycle 1656.814351.10.29^B^Flourishing at cycle 1949.014234.5**0.02^B^**Female58.729055.00.37^B^Mom education (% post secondary)50.823141.560.06^B^\* Information on some characteristics was not available for some of the participants excluded from the analyses.

^A^ Difference between means was calculated using an independent sample *t*-test.

^B^ Proportion comparison was conducted using Chi-Square analysis; bold represents a statistically significant difference.
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